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(57) Abstract 

A process for the production of low molecular weight polymers by free radical polymerisation of one or more monomers in 
the presence of a chain transfer agent, characterized in that the chain transfer agent comprises one or more compounds of general 
formula (I), wherein R< is a hydrogen atom, an alkyi group, or a group capable of activating the vinylic carbon towards free 
radical addition; R2 represents an optionally substituted alkyI, Optionally substituted alkcnyl, optionally substituted alkynyl, 
or optionally substituted satured, unsatured or aromatic carbocyclic or heterocyclic ring; and Z represents an oxygen, sul- 
phur, phosphorus, or nitrogen atom bound to another atom or group of atoms in order to satisfy its valen^. 
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POLYMERISATION REGULATION 



The invention relates to processes for radical-initiated polymerisation of 
unsaturated species and for the regulation of molecular weight and end-group 
5 functionality of the polymeric products produced from such processes. Polymers 
of limited molecular weights, or oligomers, arc useful as precursors in the 
manufacture of other polymeric materials and as additives or components of 
formulations for plastics, elastomerics, and surface coating compositions, as well as 
being useful in their own right in many applications. For example, low molecular 
10 weight polymers are often required for ease of processing. End-functional 
polymers are important as building-blocks for advanced copolymers. If of 
sufficientiy low molecular weight, end functional polymers often display useful 
surface active or compatibilising properties. 

IS In conventional polymerisation practice, the manufacture of low molecular wei^t 
polymers requires the use of an initiator and a chain transfer agent. The initiator 
acts as a free radical soxirce, whereas the chain transfer agent or regulator controls 
the molecular weight of the polymer molecule by reacting with the propagating 
polymer radical to terminate its growth. The chain transfer agent then causes the 

20 initiation of a new polymer chain thus transferring the growth process from one 
discrete polymer molecule to another discrete polymer molecule. At least a part 
of the chain transfer agent is incorporated into the polymer molecule and is 
thereby consumed in the process. 

25 The chain transfer agents most commonly used are alkanethiols v/idch possess an 
objectionable odour, lead to a wide distribution of molecular weights in batch 
polymerisations with certain monomers, do not allow the production of di-end 
functional polymers and have limitations as to the types of funaional groups that 
can be installed at the end of the polymer chain. There is also littie scope with 

30 thiols for the chain transfer constant to be optimised for a particular 

polymerisation. In many polymerisations with thiols, the chain transfer constant, a 
measure of the effectiveness of the polymerisation regulator, departs significantiy 
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from the ideal of 1.0 that is the optimum for batch polymerisations at moderate to 
hi^ conversions. The desirability of chain transfer constants dose to 1.0 is 
reviewed by an article by T. Comer in A/bfonces in Pdymer Science, voimne 62, p. 
95 (1985). International Patent Application PCT/AU87/00412 and Australian 
5 Provisional Patent Application PJ7146/89 disclose novel polymerisation processes 
employing regulators that help overcome many of the disadvantages of thiols, 
particularly in relation to chain transfer constant and, m part, provide 
polymerisation processes that give alternative end groups. They also allow 
incorporation of a wider variety of useful functional groups at the ends of polymer 
10 chains. 

The present invention seeks to overcome the disadvantages of polymerisations 
regulaKd with thiols by using alternative polymerisation regulators. These 
regulators have good stability and shdf life while maintaining many of the 

15 advantages over thiols. In the majority of cases, the materials that are part of the 
present process jvesent a different range of chain transfer activities, allowing more 
opportunity for an optimal process to be selected for a given polymoisation 
system of monomers and polymerisation conditions. The chain transfer constant 
tiiat a given regulator possesses is an important consideration m selecting the 

20 optimum process for producing low molecular we^t polymers. 

The present invention provides a process for the production of low molecular 
wei^t polymers by free radical polymerisation, which process is characterised by 
die addition to die polymerisation system of a compound of the general formula I 



25 



s 

r1 - C - Z - r2 (I) 



30 v(4ierein 

is a hydrogen atom, an alkji group, or preferably, a group capable of activating 
the vinyiic carbon towards free radical addition; 

r2 represents an optionally substimted alkyl, optionally substituted alkenjd. 
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optionaiiy substituted alkynyi, or optionally substituted saturated, unsaturated or 
aromatic carbocyciic or heterocyclic ring; and 

Z represents an oxygen, sulphur, phosphorus, or nitrogen atom bound to another 
5 atom or group of atoms in order to satisfy its valency. 

Suitable groups for are optionally substituted phenyl or other optionally 
substituted aromatic groups, alko3^arbonyI or aryioxycarbonyi (-COOR), c2iboxy 
(-COOH), acyloxy (-OjCR), carbamoyl (-CONRj), and cyano (-CN), where R is an 
10 alkyl or aryl group« 

Optional substituents for R^ and/or R^ in formula I may comprise either reactive 
or non-reactive groups. "Reactive substituent groups" are groups which do not . 
take part in the actual lowering of the molecular weight but are installed at the 

IS ends of the polymer chains and may be capable of subsequent chemical reaction. 
The low molecular weight polymer containing such a reactive group or groups is 
thereby able to imdergo further chemical transformation, such as being joined with 
another polymer chain. Suitable reactive substituents include hydroj^ ("OH), 
amino (-NHj), halogen, ally!, cyano, epoxy, and carboxylic acid and its derivatives, 

20 such as ester groups (-COOAlkyl). ''Non-reactive substituent groups" may be any 
groups which are not deleterious to the polymerisation reaction or product, for 
example, alkoxy (OAlkyl) or aikyi groups. 

Substituted rings may have their reactive substituent groups directiy attached to 
25 the ring or indirectly attached by means of a methylene group or other side chain. 

Alk^ groups referred to in this specification may contain from 1 to 32 carbon 
atoms. Alkenyl and alkynyi groups may contain from 2 to 32 carbon atoms. 
Saturated, unsaturated, or aromatic carbocyciic or heterocyclic rings may contain 
30 from 3 to 14 atoms. 

The process of this invention may be adopted by the users of conventional 
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processes using thiols with little change to reaction conditions other than the 
substitution of the appropriate quantity of a compound of general fonnula I for 
the thiol. Hie proportion of the compound of general formula I used may be in 
the range of 0.01 to 30 mole percent based on total monomer, with a preferred 
5 range 0.1 to 5 mole percent. The process may be operated at any of the reaction 
conditions appropriate to free radical polymerisation, i.e. temperatures from - 
100 "C to 400 'C and pressures from below atmospheric to 3000 atmospheres. 
Bulk, solution, anulsion, suspension or other conventional polymerisation modes 
may be used. Any unsaturated monomers susceptible to free radical 

10 polymerisation may be used altiiougji it should be noted that die chain transfer 
constant will vary wiA the monomer used. Suitable unsaturated monomers 
indude acndic esters, methacryiic esters, acryiomtrile, vinyl halides, vinyl esters, 
vinyl aromatics,. unsaturated or poly unsaturated hydrocarbons, or mixtures of 
these. For example, die process is a|iplicable to the manufacture of synthetic 

15 rubb«s, and other polymer formulations \rtiere reduced molecular weight aids 
processing and improves properties. Hie process can also be used to produce low 
molecular weight polymers and oligomers for a variety of appUcations such as 
higji-solids siuf ace coatings, paints, and adhesives. 

20 Compounds of general formula I are readUy prepared and, unlike the lower 
molecular weight thiols, they do not possess an objectionable odour. The 
compounds used in the process of this invention display an unexpected high 
activity in controlling molecular wei^t in polymerisation reactions and have chain 
transfer constants that may be superior to diose of tiiiols, particularly with styrene 

25 and actyiates. Their activity is such that their chain transfer constants can 

approach the optimum of 1.0 for batch polymerisations and this activity is not as 
hi^y dependem as tiiat of thiols on the structure of the prop^ating radical. 

A feature of the process of tiiis invention is diat, unlike processes described in 
30 many of tiie examples of International Patent Application PCT/AU87/00412, it 
produces polymer chains that do not contain terminal unsaturation. In addition, 
those chain transfer agents described in International Patent Application 
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PCT/AU87/00412 that specifically do not introduce terminal unsaturation (for 
example, crbenzyioxystyrene and derivatives) have less satisfactory chain transfer 
constants and lower shelf life than the compounds of formula I. 

5 An additional, unique feature of the process is that the resulting polymers can be 
hydrolysed to give a terminal thiol group. Such hydrolysis cleaves off the residue 
of the chain transfer agent containing and therefore there is no need for to 
contain a functional substituent for the production of thiol terminated polymers. 
If R^ however, contains a functional substituent, a di-end functional polymer will 
10 be the product of the process (after the hydrolysis step) and one of the end groups 
will be a thiol group. Thiol terminated polymers have application as odour^free 
polymeric chain transfer agents and as building blocks for the preparation of block 
and graft copolymers. 

IS The end functional polymers produced by any of the aspects of the process 

described above can be converted into polymers with different end functionality by 
chemical reaction as is well known in the art. For example, hydroxy terminated 
polymers can be converted into macromonomers by reaction with methacryloyl 
chloride. These macromonomers are useful materials for the preparation of graft 

20 copolymers by free radical copolymerisation. 

Tlie materials of formula I that are employed in the process of this invention may 
be prepared by reaction of the corresponding Oescer with Lawesson's reagent or 
by treatment of alcohols or alkoxides with thiobenzo^ chloride or the sodium salt 
25 of (thioben^thio)acetic add The reaction of iminoesters with hydrogen sulfide 
has also been reported to give thionoes^. 



s s 
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Hie following illustrates some of the methods used to prepare examples of the 
compounds used in the process. 

Bertz^ thionobervaxae: 
5 By method A [Lawessorfs reagem]. Benzyl benzoate (2.1 g) was heated at 140 
for 24 h with Lawesson's Reagent (4.9 g) in anhydrous xylene (10 mi). After 
removal of the solvent and subjection of the mixture to chromatography on silica 
gel and recrystallization from pentane at low temperature, benzyl thionobenzoate 
was obtained in 67% yield, NMR (CDQa): 6 = 5.64 (s, 2H), 73-8.2 (m, lOH), 

10 

By method B [TTUonobenzt^ Monde route]. Thionyl chloride (71 g) was added 
dropwise to a solution of dithiobenzoic add (47 g) in anhydrous ether (44 ml). 
After 7 h of stirring at ambient temperature, the ether and excess thionyl chloride 
were removed under reduced pressure. The residue was then distilled twice to 

15 afford the thioadd chloride (61%): b.p- 54-64 •€ [0.01 mmHgl. Tiietfiylamine 
(2.03 g) was added in one portion to a solution of the thioadd chloride (3.13 g) 
and benzyl alcohol (2.16 g) in dry acetone (40 ml) under nitrogen with vigorous 
stirring. The stirring was continued for 15 h at ambient temperature. The 
mixture was then poured into water and extracted with ether. The extracts were 

20 washed and dried (Mg304) and the residue was subjected to diromatogr^hy on 
silica gel (elucnt: hexane) to give a viscous yellow oil (3.0 g) whidi was crystallised 
from pentane to afford benzyl thionobenzoate (2.4 g. 53%): m.p. 39-40 'C 

By method C [(JhioberayUhiojacetic acid route], Phenyhnagnesium bromide was 
25 prepared by adding bromobenzene (20 g) in ether (100 ml) dropwise under 
nitrogen and reflux to a stirred mixture of magnesimn turnings (3.2 g) in 
anhydrous ether (50 ml). After 30 minutes boiling under reflux, the mixture was 
cooled in ice and carbon disulfide (12 ml) was added dropwise. The mixture was 
allowed to warm gradually to 20 and stirred for a further 15 h. After this 
30 period, ice (130 g) was cautiously added, and die organic layer was separated. 
The sodium salt of chloroacetic add (12 g) was added to the aqueous phase and 
the mixnif e was allowed to stand for 24 h. After this period, it was brougjit to pH 
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1 with hydrochloric add and extraaed with ether. The ether extracts were washed 
with water (x 3), dried (CaCy, and the solvent was removed to afford a residue 
that was recrystallised from benzene to give the acid derivative (7,9 g): m.p. 125- 
126 "C). A portion (1.06 g) was dissolved in dry tetrahydrofuran (125 ml) and 
5 sodium hydride (0.48 g) was then added. After the effervescence had ceased, 
imidazole (0.68 g) was added and the mixture was refluxed for 5 minutes. Benzyl 
alcohol was then added and the mixture was refluxed for a further 5 min. It was 
then cooled, poured into water, and extracted with ether. The extracts were 
washed three times with water, dried and the solvent was removed to give benzyl 
10 thionobenzoate (0.72 g), vMdi was further purified by flash chromatography on 
silica gel (eluent: b.p. 40-60 *C petroleum spirit) and recrystallizadon from 
pentane. Yield: 4 g. m.p. 38-39 •C 

(4'Methaxycarbonylbenz)i) Monob&aoate: Method Cwas used to prepare this 
15 compound in low yield (ca. 5% overall) from bromobenzene and methyl (4- 
hydn»^ethyi)benzoate. The thionoester was recrystallised from 
dichloromethane/hcxane: m-p. 90-91 NMR (CDa^): 6 = 3.92 (s, 3H), 5 .74 

(s, 2H), 7.2-7.7 (m, SH), 7.9-83 (m, 4H). MS (CH^): m/z 287 (MH% 25%),149 
(32%), 

20 

Benzyl 4-methoxythioTwbenzoate: This compound was prepared from 4- 
bromoanisole and benzyl alcohol in 5% overall yield by Method C. It was 
recrystallised from dichloromethane/hexane: m.p. 68-69 "C. NMR (CDCI3): 6 
= 3.67 (s, 3H), 5.60 (s, 2H), 6.73 (d, J = 9 Hz, 2H), 7.1-7.6 (m, 5H), 8.13 (d, J = 
25 9 Hz, 2H), MS (CH^: m/z 259 (MH% 10%),135 (100%), 107 (10%), 91 (45%). 

l4'Methoj^ciirbonylbenzyL) 4'rnethoxythionoben2oate: Method C was used to prepare 
this compound in 11% overall yield from 4-bromoanisole and methyl (4* 
hydroxymethyl)benzoate. The crude product was subjected to flash 
30 chromatography (eluent: dichloromethane) and recrystallised fr^m 

dichloromethane/hexane: m.p. 83-85 "C. ^H NMR (CDCI3): 6 = 3.83 (s, 3H), 3.93 
(s, 3H), 5.75 (s, 2H), 6.83 (4 J = 7.5 Hz, 2H), 7.50 (d, J = 7.5 Hz, 2H), 7.9-8 J 
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(m, 4H). MS (CH*): m/z 317 (MH*, 3%), 149 (18%), 135 (100%). Accurate 
mass m/z 317.0836. C17H17O4S requires m/z 317.0847. 

<4-Etho:o/cvbonyibenzyl) 4-methoxythioTUjbenmate:'Uas compound was prepared 
5 from 4-bromoanisole and ethyl (4-hydnKymethyi)benzoate by Method C. The 
overall yield was 18% and recrystallization from dichloromethane/hexane was 
used for purification. m.p. 75-77 'C NMR (CDCI3): 6 = 1.40 (t, J = 7 Hz, 
3H), 3.83 (s, 3H), 4J7 (q. J = 7 Hz, 2H), 5.73 (s, 2H). 6.80 (d, J = 7.5 Hz, 2H), 
7J0 (d, J = 7.5 Hz. 2H), 8.0-8.4 (m, 4H). MS (CH*): m/z 331 (MH*. 40%),163 
10 (40%),135 (100%). 



4-(Hydnaymeaiyl)bac^ thkmoberaoate: This compound was prepared using 
MeOiod B in 26% yield from thidsenzoyi chloride and 1,4-benzBnedimethanoL • 
After recrystallization from hexane, yellow needles of the thionoes^ were 
15 obtained. m.p. 80^.5 "C *H NMR (CDQa): 6 = 1.67 (s, IH), 4.68 (s, 2H), 5.68 
(s, 2H), 7.40 (m, 7H), 8.17 (d, J = 6 Hz, 2H). MS (EI): m/z 257 (M*-l, 12%), 
241 (90%), 121 (100%). Accurate mass m/z 258.0732. CuHmOjS requires m/z 
258.0714. 

20 The following non-limiting examples illustrate die invention. 



EXAMPLE 1 

Pr^anuion cf Low Maiecidar Weig^ Polystyrene with Benzyl Ttuonobenzoate 

25 Aabisisobutyronitrile (35 mg) was dissolved in freshly distilled styrene (25 ml). 
Aliquots (5.0 ml) were removed and added to ampoides con taining the amount of 
bcffi^ thionobenzoate shown below in Table 1. The mixtures were polymerised at 
60 'C for 1 h in the absence of oxygeiL The contents of the ampoule were then 
poured into methanol and the precipitated polymer was collected and dried in 

30 vaaw overnight. A small portion was examined by gel permeation 

chromatography (GPC) using a Watos Instrument cbnneaed to six ^Styragel 
columns (10*, 10*, 10^ 10^, 500, and 100 A pore size). Tetrahydnrfiiran was used 
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as eluent at a flow rate of 1 ml/min and the system was calibrated using narrow 
distribution polystyrene standards (Waters). The results appear in Table 1. 

Table 1 



Amount of benz^ 


Conversion 


Mn 


thionobenzoate added 


% 




81 mg 


2.7 


11400 


41 mg 


2.9 


20800 


21 mg 


3.0 


37600 


Omg 


32 


124000 



The chain transfer constant (CJ, calculated from these data, was 1.0 which 
15 compares favourably with that from n-butanethiol = 21-25). These results 
show that the compound is an efficient chain transfer agent and that the process 
produces polymers of low molecular wei^t in a controlled manner. 

EXAMPLE 2 

20 Preparation of Low Molecular Weigfa Poly(methyl aaylate) with Berayl 
Thionobenzoate 

Azobisisobutyronitrile (9 mg) was dissolved in freshly distilled methyl acryiate (25 
ml). Aliquots (2.0 ml) were removed and added to ampoules containing thiophen- 
25 free benzene (8 ml) and the amount of ben^ thionobenzoate shown below in 
Table Z The mixtures were polymerised at 6Q^C for 1 h in the absence of 
ojq^n. The volatiles were then removed and the polymers were dried in vacuo to 
constant weight and then examined as before. The results appear in Table 2. 
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Table2 



10 



Amount of ben2yi 
thionobenzo^e added 


Conversion 




50 mg 


3.8 


9020 


26 mg 


6.0 


17700 


12 mg 


9.2 


35600 


Omg 


16 


473000 



* Polystyrene-equivalent number average molecular wei^t, obtained by GPC 



The chain transfer constant (C^, calculated from these data, was 1.2, which 
15 con^ares favourably with that from nrbutanethiol (C,« 1.7). 

EXAMPLES 

Piepantion cfLow Molecular Wd^ Pofy(vw^ aceuue) with Benzji Thianobemoate 

20 Azobisisobutyronitrile (16 mg) was dissolved in freshly distilled vinyl acetate (iOQ 
ml). AEquots (10.0 ml) were removed and added to ampoules containing the 
amount of benzjd thionobenzoate shown below in Table 3. The mixtures were 
polymerised at 60 'C for 1 h in the absence of o^^gen. The volatiles were then 
removed and the polymers were dried in vacuo to constant weight and then 

25 examined as before. The results appear in Table 3. 
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Table 3 







Amount of benzyl 




thionobenzoate added 




22 mg 


1900 - 


0 


253000 



Polystyrene*equivalent number average molecular wei^t, obtained by GPC 



10 

The chain transfer constant (CJ, calculated from these data, was >20. Hiese 
results show that the compound acts as a very active regulator in polymrasanon of 
vinyl acetate. 

15 EXAMPLE 4 

Preparation of Law Molecular Wei^ Polystyrene wiih (4-MethaxycarborQibert2yl) 
Thiortobemoaxe 

Samples of polystyrene were prepared on the same scale and in the manner of 
20 example 1. The amount of (4-methoxycarbonyibenzyi) thionobenzoate added and 
the results of the polymerisation are shown in Table 4. 
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Table4 

Amount of (4-methasycarbon^bea^) Ma 
thionobenzoate added 

5 \ 

80 mg 
40 mg 
20 mg 
Omg 
10 

The diain transfer constant (Cy, calculated from these data, was 0^9. A sample 
of low molecular weight polysQTene (1^ = 4570) prepared with 
(4-ffletha:9cart»nyiben29l) thionobenzoate was examined by NMR 
15 spectroscopy and showed signals at 6 » 3^ indicative of the presence of methyl 
ester groiqs. Integration of the spectrum and comparison with the integral of die 
aromatic styrene signal showed tiiere tt> be an aid group functionality of 0.9-1.0. 
This eaqjeriment shows that the process can be used to prepare end functional 
polymers. 

20 

EXAMPLES 

PKpamtion cf Law Mdecuiar Wd^ Pofy(methyi aa^ate) mth 
(4-MethaxycaAanyU)eiayl) Thmnbbamate 

25 San^jles of poly(mediyl acryiate) were prepared according to the directions given 
in Example 2, except that (4-metho39carbonyiben2yi) thionobenzoate was used 
rather than benzyl thionobenzoate. The amount of (4-methQxycarbonyiben^) 
thionobenzoate added and the results of the polymoisation are shown in Table 5. 



23000 
41900 
66300 
142000 
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TableS 

Amount of (4-methoxycarboiiyibeii2^) * 
thionobenzoate added 

5 

50 mg 7700 
26 mg 14300 
12 mg 28300 
Omg 772000 



10 



15 



* Polys^ene-equivalent number average molecular weigjit, obtained by GPC 

Tbe diain transfer constant (CJ, calculated from these data, was 1.4, wfaidi 
compares favourabty with that from n-butanethiol (C.^ ij). 

EXAMFLE6 

Prepamdon of Law Maleadar Wd^ Polystyrene with Ben^ 
4-Methaxy(Monobemoate) 



20 Samples of polystyrene were prepared on the same scale and in the maimer of 
example 1. The amount of ben^ 4-metha^thionabenzoate) added and the 
results of die polymerisation are shown in Table 6. 
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TabUe 



Amount of benzji 
4-methQxj^thionobeiizoate) added 



80 mg 
40 mg 
20 mg 
Omg 



65100 
93500 
113000 
145000 



The chain transfer coostanc (CJ, calculated firom diese datia, was 0.12. 



EXAMPLE? 

PiepantkmcfLowMdleaim 
15 ^MeUm^Manbbenzoate) 

Samples of poI>(metbyl acrylate) were prqMred according to the directions giwen 
in Example 2, except that benzjd 4-methoB9(thionoben2oate) was used rather than 
benzyl thionobenzoate. The amount of benag* 4-niethojg<thionobcnzoate) added 
20 and the results of die polymerisation are shown in Table 7. 

TabU7 

Amount of ben2^ 
25 4metfaai9(tliionobenzoatB) added 



50 mg 
26 mg 
13 mg 

30 Omg 394000 



10700 
18600 
42600 



* Polystyrene-equivalent number average motecuiar weight, obtained by GPC 
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Hie chain transfer constant (CJ, calculated from these data, was 1.1, which 
compares favourably with that from n-butanethiol (Q= 1.7). 

EXAMPLES 

5 Preparation of Low Molecular Weight Polystyrene with 4'(Methoxycarbonyi)bemyi 4- 
Methaocy(thionobenzoate) 

Samples of polystyreae were prepared on the same scale and in the manner of 
example 1. The amount of 4-(mediaiq(carbon^)ben^ 4-metha3^tiuonoben2oate) 
10 added and the results of the polymerisation are shown in Table 8. 

Tables 



Amoimt of 4-(methaaiycart}onyl)benzyi M, 
15 4-methaa^thionobenzoate) added 



81 mg 48400 

40 mg 86000 

20 mg 105300 

20 0 mg 150000 



The chain transfer constant (CJ, calculated from these data, was 0.25. The total 
average functionali^ (methoo^ and methoa^carbonyi groups) calculated by 
NMR on a sanqile of polys^rene of Mn ^ 13300 (prepared with 
25 4-(methaqicarbon^}ben39l 4-methaa^thionoben2oatB) was 2.1, which shows diat 
4-(metha;i9cartNnqd)benzyl 4metha>y(thi(niobenzoaM) is efficient in introducing 
functional gro<9S at the termini of polymer chains and that diis type of gh^in 
transfer agent can be nsed to prepare end-functional polymers. 

30 EXAMPLE 9 

Preparation of Law Malmdar We^ Poiy(methyl aaylate) wtii 
4-(Meata^carbmtyl)benzyl 4-Methaa^thionabena3ate) 
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Samples of poly(methyi acrylate) were prepared according to th diiectioiis given 
in Example 2, except that 4-(niethaa9caii)on^)ben^ 4-metii03^tfaionobenzoate) 
was used rather than benzyl thionobenzoate. The amount of 
4-(methoxycarbonyi)benzyi 4-methaxy(thionobenzoate) added and the results of 
5 the polymerisadon are shown in Table 9, 

Table9 



Amount of 4-(methosycarbonyl)ben^ Mn 
10 4-metha2^thionobenzoate) added 



50 mg 10700 

26 mg 18600 

13mg 42600 

15 0 mg 394000 



Polystyrene-equivalent number average molecular wei^t» obtained by GPC 



Ihe chain transfer constant (QJ, calculated finom diese data, was 1.1, vMfii 
20 compares favourably with that from n-butanediiol (C^^ 1.7). 

EXAMPLE 10 

Preparation cf Law Moleadar Weig^ Polystyrene with 4'(Eaiaxycajboni^)benz^ 4- 
Methaxy(thionobert2oate) 

25 

.^flwipiiNe of polystyrene were prepared on the same scale and in the manner of 
Example 1. The amount of 4<ethaxycarbonyi)ben^ 4-metho^thionobenzoate) 
added and the results of the pofymoisation are shown in Table 10. 
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TablelO 



5 







Amount of 4-(ethoxycarbonyl)bcnzyi 




4-methoj^thionoben23ace) added 




616 mg 


13500 


Omg 


150000 



The presence of ethcu^carbonyi and methooty end groups in the lower molecular 
10 wei^t sample of pol>s^rene was shown by signals in the NMR spectrum at 
6 s 4J2B and respectively. 

EXi\MPLEll 

Pr^fontiem cf Low Moleadar W^u Pofystynne with 4'(hydnaymetf^)ben2yi 
15 thionoberaoate 

Samples of polystyrene were prepared on the same scale and in the manner of 
example 1. The amount of 4-(hydrQxymethyi)benzyl thionobenzoate added and 
the results of the polymerisation are shown in Table 11. 

20 

Table 11 



Amount of 4(hydroxymetfayi)ben^ 

thionobenzoate 
25 

81 mg 

40 mg 

20 mg 

Omg 
30 

The chain transfer constant was 0.43. The |»«sence of the end group shown below 
in a polymer of Ma - 6810, prepared with 4-(hydro]^ethyi)benz^ 



25600 
43900 
59500 
113000 
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thionobenzoate, was confirmed by a broad signal in the NMR spectrum at 
5 s 4.4-4.7 (due to the bensryi methylene hydrogens) and an infrared absorption 
at 3415 cm"^ 

^ V-CHgOH 




FnH group of poiymer prepared with 4-(hydra3ynictfayi)bcn2yi tfaiooobenzoate 

10 After treatment with rtutyidimethyisiiyi chloride and imidazole, this polymer 
showed signals at 6 = 0.08 in the NMR spectrum due to the methjds of a 
rt)u^ldimethy]sil^ ether group. Hie formadon of this siljd ether further confirms 
the presence of a hydroxyi end group. 
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1. A process for the production of low molecular weight polymers by free 
radical polymerisation of one or more monomers in the presence of a chain 
5 transfer agent, characterised in that the chain transfer agent comprises one or 
more compounds of the general formula I 

S 

10 - C - z - r2 (I) 

wherein 

is a hydrogen atom, an alkyl group, or a group capable of activating the vinyiic 
carbon towards firee radical addition; 

15 

represents an optionally substituted alkyl, optionally substituted alkenyi, 
optionally substituted alkynyl, or optionally substituted saturated, unsaturated or 
aromatic carbocydic or heterocyclic ring; and 

20 Z represents an oxygen, sulphur, phosphorus, or nitrogen atom bound to another 
atom or group of atoms in order to satisfy its valency. 

2. A process as claimed in Qaim 1, diaracterised in that R^ is a substituted 
pheiqd or other optionally substituted aromatic group, or an alkosQ^arbonyl or 
25 aryloa^carboi^ carboxy, acylcny, carbamoyl, or cyano group. 



3. A process as daimed in Qaim 1 or Qaim 2, characterised in that R^ 
and/or R^ in formula I have one or more reactive substituent groups whidi do not 
take part in the actual lowering of the molecular wei^t but are installed at the 

30 ends of the polymer chains and may be capable of subsequent chemical reaction, 
whereby the low molecular weight polymer product containing the reactive group 
or groups is thereby able to undergo further chemical transformation. 

4. A process as claimed in Claun 3, characterised in that the reactive 
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substituent group is an hydroxy, amino, halogpn, alljd, cyano, epaxy, or carbooqdic 
add group or a derivattve of a carboxyiic acid group. 

5. A process as claimed in any one of the preceding Qaims, characterised in 
5 that the compound of general formula I is added to present in an amount of from 
O.OI to 30 mole percent based on total monomer. 



6. A process as daimed in any one of the preceding Qaims, characterised in 
that the monomo* is selected from the groups consisting of acrylic esters, 

10 methaayiic esters, vinyl esters, vinyl aromatics, unsaturated or poly unsaturated 
hydrocarbons, or mixtures of any two or more of sudi monomers. 

7. A process as daimed in ai^ one of the preceding Q a ims , characterised in 
that the resulting po^mer is hydro^sed to give a terminal diiol ffoap. 

15 
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